PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



WORLD Ih/TELLECTUAL PROPERTY ORGANIZATION 
International Bureau 



(51) International Patent Classification 6 : 
A61B 17/11 



Al 



(11) International Publication Number: 



WO 97/43961 



(43) International Publication Date: 27 November 1997 (27.1 1.97) 



(21) International Application Number: PCT/SE97/0O8O4 

(22) International Filing Date: 16 May 1997 (16.05.97) 



(50) Priority Data: 
9601884-1 



17 May 1996 (17.05.96) 



SE 



(71)(72) Applicant and Inventor: SOLEM, Jan, Otto [SE/SE]; 
Nordmannavflgen 20, S-237 31 Bjftrred (SE). 

(74) Agent: AWAPATENT AB; P.O. Box 5117, S-200 71 Malmo 
(SE). 



(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG. BR, 
BY, CA. CH, CN, CU, CZ, DE, DK. EE, ES, FI, GB, GE, 
GH, HU, IL, IS, JP, KE, KG, KP. KR, KZ, LC, LK, LR. 
LS, LT, LU. LV, MD, MG, MK, MN, MW, MX, NO, NZ. 
PL, PT, RO, RU, SD, SE, SG, SI, SK, TJ, TM, TR, TT, 
UA, UG. US, UZ. VN, YU, ARIPO patent (GH, KE, LS, 
MW, SD, SZ, UG), Eurasian patent (AM, AZ, BY, KG. KZ, 
MD, RU, TJ, TM), European patent (AT, BE, CH, DE, DK, 
ES. FI, FR, GB, GR, IE, IT. LU. MC. NL. PT. SE). OAPI 
patent (BF. BJ. CF. CG, CI, CM, GA, GN, ML, MR, NE, 
SN. TD, TG). 



Published 

With international search report. 
With amended claims. 



(54) Title: A BY-PASS GRAFT 




(57) Abstract 

A branching device for a blood vessel has a sleeve (10), which is radially extensible and has an opening (12) in its circumferential 
surface, and a collar (11) consisting of a fluid-tight material and fixed to the sleeve before the branching device is used. The collar has on 
the one hand a shoulder portion (13), which extends at least around the opening in the circumferential surface of the sleeve, and, on the 
other hand, a neck portion (14) integral with the shoulder portion and projecting radially from the opening in the circumferential surface of 
the sleeve. 
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A BY-PASS CRAFT 



The present invention relates generally to the field 
of vascular surgery and, more specifically, to a branch- 
ing device for blood vessels, especially for bypass ope- 
rations on the coronary vessels. 
5 An increased flow resistance in the various coronary 

vessels can jeopardise the oxygen supply to the cardiac 
muscle. In some cases an expansion of vascular stenosis 
is possible. If the flow of blood in a vessel is com- 
pletely or practically completely blocked, the only thing 

10 to be done is to bypass the blocked portion to prevent an 
irreparable injury from arising. Such a bypass operation 
is usually effected by connecting a new vessel after the 
blocked point and connecting it to another blood vessel, 
for instance the aorta, which may give a sufficient flow 

15 of blood to the blood vessel after the blocked point. 

In practice, such a bypass operation requires the 
use of a heart-lung machine, i.e. that the heart be tem- 
porarily stopped since the bypass operation when connect- 
ing, for instance, the two vessels involved requires the 

20 heart to be immovable. In consequence of the connecting 

technique employed and the use of the heart-lung machine, 
the operation will be relatively time-consuming and not 
completely without risk. 

When larger vessels are involved, it is known from 

25 e.g. US-A-5, 456, 712 to provide a branch by blocking the 
vessel by means of balloons on each side of the intended 
branch point, whereupon an incision is made in the block- 
ed portion of the blood vessel. Then an expanded end of a 
vascular prosthesis is inserted through the incision and 

30 a stent is inserted through the one blocking balloon to a 
position inside the incision, where finally the stent is 
expanded by means of a further balloon positioned inside 
the stent. For completely safe fixing of the expanded end 
to the area around the incision in the vessel, some sort 

35 of suture is used, primarily for connecting the expanded 
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end of the vascular prosthesis with the blood vessel 
around the incision therein. 

The prior-art technique implies that a blocking can 
be made on each side of the intended branch point, and 
5 that the stent can be inserted via the diseased vessel 
involved and through one of the blocking balloons. In 
practice, also a fixing of the expanded end of the vascu- 
lar prosthesis relative to the vessel involved by means 
of some sort of suture is required. 
10 The technique according to US-A-5, 456, 712 is thus 

not suited for use in thin vessels, such as the coronary 
vessels, or in other positions where the described block- 
ing by means of a balloon from the inside of the vessel 
is not possible. 

15 The object of the present invention is to provide a 

simple and reliable bypass of the coronary vessels with- 
out necessitating temporary internal blockings, prefer- 
ably in a manner which can make it possible that the 
heart-lung machine need not be used, i.e. it should be 
possible to perform the bypass operation with the heart 
beating. Most preferably, it should be possible to carry 
out the operation by applying endoscopy. 

According to the invention, this object is achieved 
by the branching device being given the features that ap- 
25 pear from the accompanying claim 1. 

The branching device thus has a sleeve, which is ra- 
dially extensible and has an opening in its circumfe- 
rential surface, and a collar which consists of a fluid- 
tight material and is fixed to the sleeve before the 
30 branching device is used and which has on the one hand 

a shoulder portion extending at least around the opening 
in the circumf erential surface of the sleeve and, on the 
other hand, a neck portion integral with the shoulder 
portion and projecting radially from the opening in the 
35 circumferential surface of the sleeve. 

The opening in the circumferential surface of the 
sleeve is preferably arranged unsymmetrically relative 
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to the ends of the sleeve. This confers an advantage 
since the necessary longitudinal incision in the blocked 
vessel need not be made longer than the distance from the 
neck portion to the nearest end of the sleeve, while the 
5 sleeve of the branching device can be retained safely in 
the vessel thanks to the sleeve obtaining a long part 
(seen from the neck portion), which must thus first be 
inserted into the opening in the vessel. 

After the insertion of the sleeve into the vessel 
10 in a reciprocating movement, the short part of the sleeve 
is positioned completely beyond the opening in the ves- 
sel, while the long part of the sleeve covers the main 
part of the opening in the vessel and besides can extend 
beyond this a distance of essentially the same length as 
15 the short part of the sleeve. Once the sleeve is correct- 
ly positioned in the vessel, its position is to be fixed. 
This is possible according to the invention thanks to 
the sleeve being radially extensible and retaining its 
extended shape, i.e. the shape of the sleeve is perma- 
20 nently deformable. This results in an expansion of the 
vessel, which then clamps the sleeve in place and also 
clamps the shoulder portion of the collar against the 
sleeve* 

The invention will now be described in more detail 
25 with reference to the accompanying drawings, in which 

Fig. 1 is a perspective view and shows a heart with 
two schematically indicated bypasses of coronary vessels 
each having a blocking, 

Fig. 2 is a perspective view and shows, among other 
30 things, a few parts included in one embodiment of a 
branching device according to the invention, 

Fig. 3 shows some of the parts in Fig. 2 in an 
assembled state before insertion into a blocked vessel, 
Fig. 4 shows the device after insertion into the 
35 blocked vessel, and 

Fig. 5 shows the device after fixing in the blocked 
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The heart 1 shown in Fig. 1 has two coronary vessels 
2, 3 each having a blocking 4, 5, i.e. a stenosis or an 
occlusion. Fig. 1 illustrates schematically how these 
blockings are bypassed by means of two vessels 6, 7 which 
can be taken from the patient himself. More specifically, 
one end of the vessel 6 is connected after the blocking 
4, seen in the normal direction of flow in the vessel 2, 
and its other end is connected to the aorta 8, such that 
a sufficient quantity of oxygen-rich blood will be 
supplied to the already blocked coronary vessel 2 after 
the blocking 4 therein. The same applies to the vessel 3. 

For effecting the connection of the vessel 6 to the 
coronary vessel 2, the embodiment shown in Figs 2-5 of a 
branching device according to the invention can be used. 
15 The main components of this branching device are a sleeve 
10 and a collar 11 fixed thereto. The sleeve 10 prefer- 
ably consists of metal, e.g. titanium, or some other 
material that is not rejected by the body tissue. Its 
construction is such as to be expandable or radially 
extensible, i.e. its diameter can be increased. Moreover, 
the sleeve 10 is permanently deformable and thus retains 
its shape after such an expansion. 

A suitable material for the sleeve 10 is a net or 
some other material that permits said permanent defor- 
mation, i.e. an increase of the diameter of the sleeve 
10, said increase normally being accompanied by a cor- 
responding decrease of the length of the sleeve 10. A 
particularly suitable material is the so-called stent 
material, which is used in sleeves for expansion of 
30 constricted blood vessels* 

According to the invention, the sleeve 10 further 
has an axially elongate opening 12, whose dimensions, 
when expanding the sleeve 10, will be distorted in a 
manner similar to the distortion of the actual sleeve 10, 
35 i.e. a shortening in the axial direction and an expansion 
in the circumferential direction. The opening 12 will 
thus obtain a decreased length in the axial direction of 
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the sleeve 10, but an increased width in the circumferen- 
tial direction of the sleeve 10. 

The collar 11 consists of a fluid-tight and prefer- 
ably flexible or even elastic material, which of course 
5 must also be such as not to risk being rejected by the 
body tissue. More specifically, the collar 11 has a 
shoulder portion 13 and a neck portion 14. 

The shoulder portion 13 has a shape substantially 
conforming to the shape of the sleeve 10. It has such a 

10 size as to overlap the opening 12 and thus extend over 
the sleeve 10 around the opening 12. The overlapping is 
also so great as to remain also in case of a certain 
change of the size of the opening 12, as will be describ- 
ed below. The shoulder portion 13 can also completely 

15 encompass at least part of or the entire sleeve 10, in 

which case the material of the shoulder portion 13 is so 
elastic as not to essentially counteract an expansion of 
the sleeve 10, as will be described below. 

The neck portion 14 of the collar 11 is a direct 

20 extension of the shoulder portion 13 and essentially has 
the shape of a cylinder. The most important function of 
the neck portion 14 is to serve as connecting member for 
the new vessel 6 . 

For the connection between the neck portion 14 and 

25 the vessel 6, a rigid supporting sleeve 15 and a clamping 
or locking sleeve 16 can be used according to the embodi- 
ment illustrated in the drawings. The end of the vessel 6 
is adapted to be inserted into and through the supporting 
sleeve 15, and the outermost part of the vessel 6 is then 

30 to be folded or pulled back over the outside of the sup- 
porting sleeve 15. This folding back of the end of the 
vessel 6 is shown in Fig. 2, but with the supporting 
sleeve 15 separated from the vessel 6. For completion of 
the connection, the supporting sleeve 15 with the pulled - 

35 on vessel 6 is inserted into the open end of the neck 

portion 14. Then the clamping sleeve 16 is arranged and 
clamped around the neck portion 14, which then together 
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with the interiorly situated, folded-back part of the 
vessel 6 is pressed against the outside of the supporting 
sleeve 15. As a result, a fixed and tight connection 
between the neck portion 14 and the vessel 6 is achieved. 
5 The actual clamping sleeve 16 is advantageously 

divisible so as to be laterally movable over the neck 
portion 14 before the clamping operation, which suitably 
is effected by the clamping sleeve 16 having, at its ends 
that are free before clamping, hooks engaging each other 
10 and permitting an easy tightening of the clamping sleeve 
16 around the neck portion 14. 

For fixing the sleeve 10 and the collar 11 relative 
to e.g. the blood vessel 2 in Fig. 1, use is made of a 
T-shaped balloon 17, the opening of which is situated 
15 on that branch of the balloon which extends through the 
neck portion 14. By means of this balloon 17, the sleeve 
10 can be expanded in its place within the blood vessel 
2, such that the blood vessel expands and thus is pressed 
against the sleeve 10 for fixing the position thereof in 
20 the blood vessel 2. At the same time the collar 11 will 

be squeezed between the blood vessel 2 and the sleeve 10, 
such that the position of the collar 11 will be safely 
fixed relative to the blood vessel 2 and a fluid-tight 
seal between this and the collar 11 is obtained without 
25 necessitating any suture. 

The balloon 17 can, as shown, be a single balloon, 
but alternatively it can be formed of two elongated bal- 
loons extending through the neck portion 14 and in dif- 
ferent directions from the neck portion 14 through the 
30 sleeve 10, so as to be inflatable via the neck portion 

» 

14 and, during inflation, expand the sleeve 10 in essen- 
tially the same fashion as in the case where the balloon 
17 is a single balloon. 

It is possible to first prepare the connection 
35 between the collar 11 and the new vessel 6 with the 

balloon 17 situated inside the sleeve 10 and extending 
through the blood vessel 6 and out of the opposite end 
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thereof, as shown in Fig. 3. Subsequently, the sleeve 10 
can in a reciprocating movement be inserted into, for in- 
stance, the vessel 2 through an opening 18 formed therein 
through a longitudinal incision, as shov/n in Fig. 4. Then 
5 the branching device is fixed in the vessel 2 by inflat- 
ing the balloon 17, whereby the sleeve 10 is expanded and 
shortened as shown in Fig. 5. Finally, the balloon 17 can 
be deflated and then be pulled out through the collar 11 
and the vessel 6. 

10 For completion of the operation, the free end of the 

new vessel 6 is to be connected to a blood vessel, for 
instance the aorta 8, which can give a sufficient flow of 
blood to the vessel 2 after the blocking 4. 

An alternative method of carrying out a bypass ope- 

15 ration by means of the branching device according 'to the 
invention comprises the following steps. 

Also in this case, the sleeve 10 is inserted in the 
vessel 2 through the opening 18 thereof, however without 
first connecting the vessel 6 with the collar 11. The 

20 fixing of the sleeve 10 in relation to the blood vessel 
2 is carried out by inflation of the balloon 17 also in 
this case, and then the balloon is removed by being open- 
ed and pulled out through the collar 11. Finally the new 
vessel 6, which has previously been connected to a blood 

25 vessel, for instance the aorta 8, v/hich can give a suffi- 
cient flow of blood to the vessel 2 after the blocking 4, 
and the neck portion 14 are connected by means of the 
supporting sleeve 15 and the clamping sleeve 16 in the 
same manner as described above. 

30 It should be emphasised that in the two methods as 

described above, the collar 11 is even from the beginning 
fixed to the sleeve 10, and the ballon 17 is also even 
from the beginning inserted in the sleeve 10. 

The expert realises that several modifications of 

35 the above-described embodiment of a branching device are 
conceivable within the scope of the invention as defined 
in the appended claims. 
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CLAIMS 

1. A branching device for a blood vessel, comprising 
5 a sleeve (10), which is radially extensible and has an 
opening (12) in its circumferential surface, char- 
acterised by a collar (11) which consists of a 
fluid- tight material and is fixed to the sleeve before 
the branching device is used and which has on the one 

10 hand a shoulder portion (13) extending at least around 

the opening in the circumferential surface of the sleeve 
and, on the other hand, a neck portion (14) integral with 
the shoulder portion and projecting radially from the 
opening in the circumferential surface of the sleeve, 

15 2. A branching device as claimed in claim 1, 

characterised in that the opening (12) in the 
circumferential portion of the sleeve (10) is unsymmetri- 
cally positioned relative to the ends of the sleeve. 

3. A branching device as claimed in claim 1 or 2, 

20 characterised in that the sleeve (10) consists 
of a net-like material. 

4. A branching device as claimed in claim 3, 
characterised in that the sleeve (10) consists 
of a stent material. 

25 5. A branching device as claimed in any one of 

claims 1-4, characterised in that the shape 
of the sleeve (10) is essentially permanently deformable 
when increasing the diameter of the sleeve. 

6. A branching device as claimed in any one of 
claims 1-5, characterised in that the collar 
(11) consists of an elastic material. 

7. A branching device as claimed in any one of 
claims 1-6, characterised in that the shoul- 
der portion (13) of the collar (11) is attached to the 

35 outside of the sleeve (10). 

8. A branching device as claimed in any one of 
claims 1-7, characterised by a balloon (17) 
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which is inserted in the sleeve (10) and is inflatable 
via the neck portion. 

9. A branching device as claimed in claim 8, 
characterised in that the balloon (17) is 

5 T-shaped. 

10. A branching device as claimed in any one of 
claims 1-9, characterised in that the shoul- 
der portion ( 13 ) fully encompasses at least part of the 
sleeve ( 10 ) . 
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AMENDED CLAIMS 

[received by the International Bureau on 15 October 1997 (15 10 97)- 
original claims 1 and 8-10 replaced by amended claims 1,8 and 9 (2 pages)] 

1. A branching device for a blood vessel, comprising 
5 a sleeve (10), which is radially extensible and has an 
opening (12) in its circumferential surface, c h a r - 
acterised by a collar (11) which consists of a 
fluid-tight material and is fixed to the sleeve before 
the branching device is used and which has on the one 

10 hand a shoulder portion (13) extending at least around 

the opening in the circumferential surface of the sleeve 
and, on the other hand, a neck portion (14) integral with 
the shoulder portion and projecting radially from the 
opening in the circumferential surface of the sleeve; and 

15 a balloon (17) inserted in the sleeve (10) and inflatable 
via the neck portion. 

2. A branching device as claimed in claim 1, 
characterised in that the opening (12) in the 
circumferential portion of the sleeve (10) is unsymmetri- 
cally positioned relative to the ends of the sleeve. 

3 . A branching device as claimed in claim 1 or 2 , 
characterised in that the sleeve (10) consists 
of a net-like material. 

4. A branching device as claimed in claim 3, 
characterised in that the sleeve (10) consists 
of a stent material. 

5. A branching device as claimed in any one of 
claims 1-4, characterised in that the shape 
of the sleeve (10) is essentially permanently deformable 
when increasing the diameter of the sleeve. 

6. A branching device as claimed in any one of 
claims 1-5, characterised in that the collar 
(11) consists of an elastic material. 

7. A branching device as claimed in any one of 

35 claims 1-6, characterised in that the shoul- 
der portion (13) of the collar (11) is attached to the 
outside of the sleeve ( 10 ) . 
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8. A branching device as claimed in any one of 
claims 1-7, characterised in -that the balloon 
(17) is T-shaped. 

9. A branching device as claimed in any one of 

5 claims 1-8, characterised in that the shoul- 
der portion (13) fully encompasses at least part of the 
sleeve ( 10 ) • 
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